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Abstract The microgripper is a Micro-Electro-Mechanical System (MEMS) with the ability to handle and
manipulate micron or sub micron objects precisely. They have many applications in micro assembly,
biology, tissue engineering and so on. In this paper, the effective parameters on the performance and
designing of the microgrippers are derived by reviewing and comparing their different types. These
parameters are: material specification, displacement amplification factor, gripping range and stroke,
jaw motion characteristic, normally open and normally closed gripper, ideal shape of tips, aspect ratio,
number of degree of freedomandmicro actuator specifications. These parameters are introduced and their
influences on gripper performance are studied. Knowing all the effective parameters and analyzing the
effect of each parameter on micro gripper performance is the first step towards design of new optimized
microgrippers. Finally, an overall algorithm to design the microgripper is proposed.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Among contact and contactless micro-nano manipulation
techniques, such as optical, electrostatic, Bernoulli, ultrasonic
and magnetic, microgrippers are preferred, because of their
ability to grasp different shaped objects with high accuracy and
low cost. The microgripper is a Micro-Electro-Mechanical Sys-
tem (MEMS) with the ability to handle and manipulate micron
or submicron objects precisely. They havemany applications in
micro assembly, biology, materials science, information tech-
nology, tissue engineering and etc. Numerous microgrippers
have been fabricated with different specifications and abilities
by researchers up to now. Sixteen different microgrippers dis-
cussed in this paper are shown in Figure 1 [1–16].
Chen et al. designed and fabricated a 3 Degrees Of Free-
dom (DOFs) microgripper actuated by electrostatic actuators,
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doi:10.1016/j.scient.2012.10.020and with an active releasing method using a plunger arm [1].
Raghavendra et al. designed a novel microgripper and analyzed
flexure hinge parameters on gripper performance [2]. Kim et al.
introduced a novel microgripper with electromagnetic actua-
tors and a piezoelectric force sensor [3]. Fabrication, testing and
comparison of eight kinds of microgripper with variable design
parameters were performed by Kim et al. [4]. Zubir et al. de-
scribed some microgripper indexes, such as the parallel mo-
tion of the gripper jaws and simultaneous motion of jaws [5].
They also fabricated the novel piezoelectric driven compliant-
based microgripper [5]. New design, fabrication and testing of
compliant flexure-basedmicrogripperswith piezoelectric actu-
ators were performed by other researchers [6,7]. Jayaram and
Joshi fabricated the new microgripper with a piezoelectric ac-
tuator and spring-based force measurement sensor [8]. Men-
ciassi et al. fabricated and compared two microgrippers with
the same design, but with different materials and manufac-
turing method [9]. Design of a novel microgripper with a fish
bone structure and two actuation methods, including a man-
ual micrometer screw and piezoelectric actuator, was under-
taken by Martinez et al. [10]. Kemper fabricated a single DOF
microgripper with one movable arm and integrated force sen-
sor [11]. Blideran et al. designed a mechanically actuated mi-
crogripper for manipulation of micro and nano particles [12].
Kyung et al. designed 2 DOF compliant flexure-based micro-
gripper using shapememory alloy (SMA) wires [13]. The design
evier B.V. Open access under CC BY-NC-ND license.
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gripperwith electrothermal actuation [14] and piezoelectric ac-
tuator [15] were also performed. Khare et al. optimized and
designed the 4 DOF compliant microgripper [16].
In all above mentioned papers, design of a novel gripper
or the surveying of microgrippers has been performed, but
none considered and analyzed all effective parameters onmicrogripper performance comprehensively. In this study,
effective parameters in microgripper operation, so called
‘‘operation indexes’’, are derived and discussed. These indexes
include material specifications, displacement amplification
factor, gripping range, parallel motion of jaws, normally open
and normally closed gripper, out of plane motion of gripper,
simultaneous motion of gripper jaw, ideal shape of tips, and
1556 A. Nikoobin, M. Hassani Niaki / Scientia Iranica, Transactions B: Mechanical Engineering 19 (2012) 1554–1563so on. By knowing these parameters, all aspect in the design of
the new gripper are considered and an efficient gripper can be
fabricated.
2. Operation indexes
In order to handle micro objects with fragile structures and
release them at their final destination accurately, the micro-
gripper structure must be designed carefully and efficiently. So,
the design of the microgripper is a significant and hard process.
Achieving a high performance structure with minimum oper-
ation error, requires knowledge of effective factors in gripper
operation. Using the operation indexes in designing the new
models leads to an optimal high performance microgripper.
In order to derive these important parameters, several pa-
pers are considered and some of their specifications are com-
pared. As can be seen in Table 1, these parameters are:
material, actuator type, dimensions, griping range, parallel mo-
tion of jaws, maximum gripping force, fabrication method,
displacement amplification factor and number of degrees of
freedom. In the following, each parameter is introduced and its
influence on gripper performance is analyzed.
2.1. Material specification
Motion generation primarily depends on compliant struc-
ture deformation, so, the selection of suitable material is one
of the major steps in designing the microgripper. Therefore, it
is important to use material with the desired mechanical prop-
erties. The one important property of gripper material is re-
silience. Resilience is the ability of a material to absorb energy
when it is deformed elastically, and to release that energy upon
unloading. The modulus of resilience is defined as the maxi-
mum energy that can be absorbed per unit volumewithout cre-
ating a permanent distortion. In uniaxial tension, one canwrite:
Ur =
S2y
2E
,
where Ur is the modulus of resilience, Sy is the yield strength,
and E is the Young’s modulus.
The type of material used in each microgripper [1–16] is
shown in the first column of Table 1. As can be seen, different
materials, such as silicon, aluminum alloy, stainless steel, brass,
and some superelastic alloys, such as Nickel–Titanium (NiTi),
are used in microgrippers. Compatibility between gripper jaws
and the gripped objects in the contact area is the other
important factor. Choosing suitable material also depends
on special working conditions like biological or electrolyte
environments. In addition, the microactuator type can be
determinant in gripper material type.
Silicon is often used in microgrippers with an electrothermal
actuator. Stainless steel is a low cost material with high yield
stress which can be used in different fabrication methods such
aswire electro dischargemachining [3] and lasermachining [9].
High grade aluminum alloy (7075-T6) has high yield strength
and a high modulus of resilience. It is also suitable for micro
machining with good surface finishing quality.
2.2. Displacement amplification factor
The Displacement Amplification Factor (DAF) is the ratio
between output displacement (jaw displacement) and input
displacement applied from the microactuator to the gripper
mechanism. According to the schematic view of the gripperFigure 2: A schematic view of the gripper.
shown in Figure 2, the amplification factor is defined as follows:
DAF = d2
d1
,
where d1 is the actuator displacement and d2 is the jaw
displacement. Raising this factor leads to increase the gripping
range, so, the gripper can manipulate higher dimension micro
objects. Since, often, the actuation range of microactuators,
like piezoelectric actuators, is low, a mechanism with a high
displacement amplification factor is desirable to increase the
gripping range.
On the other hand, according to the lever principle,
increasing the output displacement in the arms, decreases
gripping force subsequently. As can be seen in Figure 2, F1 is the
force applied from the actuator to the gripper and F2 is the force
applied from the gripper jaw to the gripped object. In Table 1,
the 10th and8th columns represent the amplification factor and
maximum gripping force of each micro gripper, respectively.
2.3. Gripping range and stroke
Gripping range is defined as the maximum and minimum
diameter of objects gripped by the microgripper. Gripping
stroke is defined as the maximum stroke of each jaw. The
gripping stroke and gripping range are shown in the 5th and
6th columns of Table 1. In the manipulation of micro objects
with different dimensions, a large gripping range is desirable
and arm strokes should be large for this purpose. The largest
gripping range among the studied models is 900 µm [8]. In
general, the larger the gripping range, the lower the resolution
of jaw motion is. In other words, highly accurate grippers,
like nanogrippers, have a small gripping range. For example,
the maximum gripping range of the microgripper presented
by Brandon et al. is 17 µm [1]. An optimum stroke can be
obtained by changing the position of levers and flexural hinges
in the design process. Ragavendra et al. analyzed the effects
of position and parameters of flexural hinges in the gripping
range [2].
2.4. Parallel motion of jaws
During the grasping process in microgrippers with a rota-
tional (nonparallel) motion of gripping jaws, the X-component
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1558 A. Nikoobin, M. Hassani Niaki / Scientia Iranica, Transactions B: Mechanical Engineering 19 (2012) 1554–1563Figure 3: Gripping force at the contact area: (a) rotational motion, and (b) parallel motion.Figure 4: Grasping process by: (a) normally open gripper, and (b) normally closed gripper.of the reaction force holds the object between the jaws, and
the Y -component acts parallel to the longitudinal axes and
pushes the object out of the gripping tips, as shown in Fig-
ure 3a. In order to prevent the object slipping out, it is desir-
able to use a mechanism with parallel motion of jaws, so that
the Y -component of the reaction force is omitted, as shown in
Figure 3b.
The parallel motion of the gripper jaws will ensure the
accurate grasping of objects, uniform stress distribution and
minimization of stress concentration in objects, so, it is the
most precise and reliable method of manipulation. Achieving
the pure parallel motion of jaws in all gripping ranges is a hard
task, and there is always a little rotational motion in gripper
jaws. So, reducing their rotationalmotion is an important factor
in designing a gripper. A parallelogram structure is a simple
mechanism to achieve the parallel motion of jaws [1,2,5–7].
2.5. Normally open and normally closed gripper
In normally open grippers, as shown in Figure 4a, the gap
is maximum, and, by applying the actuation force, the gap
space decreases until the object is grasped. In this type, the
actuation force must be kept during the transmission. Precisioncontrol of the gripping force is an advantage of thismethod, and
consuming energy during the transmission is its disadvantage.
In normally closed types, as shown in Figure 4b, at first,
the gap space increases to the object dimension domain by the
actuation force, then the object is grasped. After transmission
to the final target, the actuation force increases the gap and
the object releases. So, gripping energy during transmission
is supplied from the elastic strain energy of the mechanism.
However, in the manipulation of big objects, the gap must be
opened a lot, which leads to storage of a large amount of elastic
energy in the mechanism and increases the damage probability
of the objects. So, a normally open gripper is often preferred.
2.6. Out of plane motion of gripper
Gripper arms, during the grasping and releasing process,
must operate at the same plane. So, out of planemotion reduces
gripper efficiency. In order to reduce out of plane motion, the
following aspects are often considered in designing grippers
[9,17].
– Decreasing the length-to-width ratio in the gripper mecha-
nism. As shown in Figure 5, the more length-to-width ratio,
the more out of plane deflection.
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– Designing gripper arms with uniform out of plane stiffness.
To this end, the gripper must have a symmetrical structure.
Three kinds of asymmetrical construction and their corre-
sponding out of plane deflection are shown in Figure 6.
– Decreasing the aspect ratio, defined as width-to-thickness
ratio. As shown in Figure 7a, decreasing this ratio reduces
out of plane motion in flexural hinges significantly.
– Applying the force just in the middle of the mechanism
thickness in order to minimize the out of plane moment. As
shown in Figure 7b, point A is the best point for applying the
force.
2.7. Simultaneous motion of gripper jaw
In the grasping operation, two jaws can move simultane-
ously to grip the object, as shown in Figure 8a, or only one jaw
moves to grip the object, as shown in Figure 8b.
When the object is in the grasping domain between the
gripper jaws, gap space decreases until the object contacts
the jaw surface and moves up to fix between the two jaws.
So, displacement of the micro object in the gripper with a
simultaneous jawmotion occurs rarely, unlike the gripper with
onemovable jaw, as shown in Figure 8. Therefore, gripperswith
two active arms are often preferred [2,5–7,10]. In Figure 9a, a
gripper with twomovable jaws and, in Figure 9b, a gripper with
one movable jaw, are shown.
2.8. Ideal shape of tips
The shape of the tips is an important factor. Some common
tips of grippers are shown in Table 2. Many microgrippers
[5–7] have been manufactured with flat surface tips, which can
be used in the manipulation of uniform and irregular shaped
objects. Decreasing the contact area between object and tip is
one effective method for decreasing the Van Der Waals force
during the releasing process. So, a rough surface on the gripper
tip is often preferred. In order to reduce the Van Der Waals
force, Kim et al. [4] and Fukuda and Arai [18] created saw and
micro pyramids on microgripper tips, respectively. Designing
the tips with special shapes for specific application makes the
manipulation easier than usual [19]. Nah et al. presented a
gripper in which the form of the tips is a combination of flat
and cylindrical surfaces, which is suitable for both general
and specific applications [6]. By using changeable tips [20],
the gripper can manipulate objects with different shapes, sizes
and materials. For designing the shape of the tips, different
parameters, such as the ability to grasp objects with different
shapes, reduction of slipping probability and the decreasing
of adhesive force between objects and tips must also be
considered.2.9. Number of degrees of freedom
Unlike the models shown in Figure 10a, in some grippers,
each jaw moves independently by its own actuator. Figure 10b
and c show the two and three DOF microgrippers, respectively.
These grippers usually have a larger gripping range than single
DOF types, because each jaw has an independent movement
mechanism and actuator. Often, designing the gripper with
a parallel motion of jaws in multiple DOF grippers is easier
than a single one and highly accurate grasping and releasing
processes are achievable. However, additional actuators and
sensors increase fabrication cost, energy consumption and
gripper size.
2.10. Releasing the objects from tips
At micro scale, body forces, like gravity and inertia, are
negligible in comparison with surface forces, like electrostatic
or capillary forces. So, the object may adhere to one of the
tips randomly. Releasing strategies can be categorized into two
main parts: passive and active releasing methods.
(A) Passive releasing methods: In passive methods, by con-
trolling the adhesion forces between the tool-object interface
and object-substrate interface, grasping and releasing opera-
tions can be performed. Grasping is done when the tool-object
adhesion force is relatively larger than the object-substrate ad-
hesion force, and releasing is done when the object-substrate
adhesion force is greater than the tool-object adhesion force. A
complete review of releasing strategies in micro parts handling
have been presented by Fantoni and Porta [22]. Some effective
methods for reducing the adhesion forces in passive releasing
are:
– Using material with low adhesion potential between object
and tips.
– Decreasing the contact area between object and tips:
Decreasing contact area reduces the adhesion forces and the
object releases easier. Rough surface tips can be useful to
decrease the contact area.
– Using hard material in gripper fabrication: Deformation in
the contact area due to high contact pressure in the gripping
process of the object leads to an increase in contact area and
adhesion force. So, hard materials are preferred.
– Decreasing the tension force: Decreasing the tension force
(capillary force) can be performed using a dry atmosphere
or hydrophobic coating method.
– Using tension force for adherence of the object to the
substrate: In this case, the adhesion force between the object
and substrate increases by some methods.
(B) Active releasing methods: In active methods, an external
force is applied to overcome the tool-object adhesion forces
versus object-substrate adhesion force. The source of the
external force can be electric field, vibration, vacuum suction,
and freezing/thawing of ice droplets [1]. In the following, the
five different active releasing methods are described.
By applying a voltage between the probe and the substrate,
an electric field was created to detach the object from
the probe. This method requires that the microobject, the
probe, and the substrate all be conductive. A schematic
illustration of an experimental configuration for electrostatic
micromanipulation is shown in Figure 11 [23]. In the second
type, mechanical vibration is used for detaching the objects
from the tips. Requiring a large bandwidth of the manipulator,
the vibration-based method takes advantage of the inertial
1560 A. Nikoobin, M. Hassani Niaki / Scientia Iranica, Transactions B: Mechanical Engineering 19 (2012) 1554–1563Figure 6: (a) Arms with different thickness. (b) Arms with different shape. (c) Arms with different length.Figure 7: (a) Aspect ratio in the flexural hinge, L/tmin [2]. (b) Point A, the best point for applying the force.Figure 8: Grasping process by gripper with (a) two movable arms, and (b) one movable arm.effects of both the end effector and themicroobject to overcome
adhesion forces. The release process has been modeled and
simulated to predict the landing radius of the released object
by Fang and Tan [24]. A schematic illustration of vibration
release is shown in Figure 12. The third type of active
release employs vacuum-based tools [25] to create a pressure
difference for pick and release. Using this method in a vacuum
environment is limited. A schematic configuration of vacuum-
based micromanipulation is shown in Figure 13. In the other
method, micro Peltier coolers were used to form ice dropletsinstantaneously for picking–placing of microobjects [26].
Thawing of the ice droplets was used to release the objects.
The freezing–heating approach requires a bulky complex end
effector and is limited to micromanipulation in an aqueous
environment. The handling strategy in the freezing–heating
approach is shown in Figure 14. In the last method, a plunger
arm pushes out the object out of the gripper jaws in the
releasing process, as shown in Figure 10c [1]. In this method,
the plunger is capable of thrusting a microobject adhered to a
gripping arm to a desired destination on a substrate.
A. Nikoobin, M. Hassani Niaki / Scientia Iranica, Transactions B: Mechanical Engineering 19 (2012) 1554–1563 1561Figure 9: (a) Gripper with simultaneous motion of jaws [5]. (b) Gripper with one movable jaw [11].Table 2: Common shapes of the tips.
Gripper tips Sample diagram Description Ref.
Flat surface tips Grasping of uniform & irregular shapes [5,1,7]
Rough surface tips Reduction of slipping and Van Der Waals force [4]
Special shape for special application Cell manipulation [19]
Teflon wire manipulation [6]
Changeable tips Grasping of different size, shapes and material [20]Figure 10: (a) Single DOF gripper [2]. (b) 2 DOFs microgripper [21]. (c) 3 DOFs microgripper [1].3. Micro actuators
The essential components of microgrippers which produce
the force to move the arms are actuators. Column 2 in Table 1
demonstrates the actuator type in each microgripper. The fourcommonly used actuator types are piezoelectric, electrostatic,
electrothermal and SMA. The high force output to weight
ratio, stable displacement, fast response time, good linear
characteristics, large bandwidth, zero backlash, high stiffness,
unlimited resolution, compact size, ease of use and high
1562 A. Nikoobin, M. Hassani Niaki / Scientia Iranica, Transactions B: Mechanical Engineering 19 (2012) 1554–1563Figure 11: Schematic configuration for electrostatic micromanipulation [23].
Figure 12: Illustration of vibration release [24].
precision are the advantages of piezoelectric actuators. Because
of these considerable specifications, piezoelectric actuators are
used in most micro and nanogrippers, as shown in Table 1. But
high cost, need for voltage amplification, inherent hysteresis
and creep, low movement range, need for an amplification
mechanism, which leads to a decrease in gripping force, are the
drawback of piezoelectric actuators.
No hysteresis, low operation temperature, satisfactory
amount of force generation, negligible amount of current
through gripper arms and ease of micro fabrication are the
benefits of electrostatic actuators. However, high operation
DC voltage, lower gripping force compared to piezoelectric
actuators and lack of an ability to work in an electrolyte
environment are their disadvantages. Electrothermal actuators
have the advantages of low operation voltage, large output
force, large output displacement and ease of fabrication,
while high operation temperature, thermal expansion in
gripper arm, low sensitivity, nonlinear movement, difficulty
of control, high temperature of end effector, lower gripping
force, in comparison to the piezoelectric type, are their
drawbacks. On the other hand, shape memory alloy actuators
are compatible with biological environments and produce
large strokes. They have design flexibility, good mechanical
properties, corrosion resistance and high force density. But,
high fabrication costs, complicated gripping force control, highFigure 14: Handling strategy in submerged freeze gripper [26].
response time, hysteresis, low lifetime, low responsibility, low
cooling rate and low fatigue resistance are problems of SMA
actuators.
4. Conclusion
In order to handle micro objects with fragile structures and
to release them at their final destinations accurately, the mi-
crogripper structure must be designed carefully and efficiently.
Achieving a high performance structure with minimum oper-
ation error requires knowledge of the effective parameters in
gripper operation. In this paper, several prototypes of a micro-
gripper were studied, and then, effective parameters in micro-
gripper operation were derived and analyzed. These indexes
include the structural characteristics of compliant flexure and
also the characteristics of different kinds of micro actuator.
These aspects are described, and their advantages and disad-
vantages were discussed. These operation indexes can be used
to design optimized and high performance new models. Us-
ing all the above mentioned subjects, an overall algorithm for
designing micro grippers is proposed in Figure 15. At the first
step, theworking environment and object specificationmust be
specified. The environment can be biologic, electrolyte, dry, liq-
uid, vacuum and so on. The specification of the gripping objects
determines the gripping stroke, maximum gripping force, grip-
ping range and tip shape of the microgripper. Using these fac-
tors, the types of actuator and sensor are selected, as well as the
gripping strategy. In the gripping strategy, the number of DOf,
releasing method, and normally open or closed gripper must
be clarified. The type of actuator and sensor can effect grip-
ping strategy and vice versa. Then, the prototype of the gripper
is designed and analyzed using FEM, PRBM or other methods.
After that, using simulation results, the performance indexes,
including parallel motion, out of plane motion, simultaneous
motion of gripper jaw, creating stress due tomaximumgripping
stroke and force, displacement amplification factor etc., must(a) Pick. (b) Hold. (c) Place.
Figure 13: Schematic configuration of vacuum-based micromanipulation [25].
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be checked. If the entire objective indexes are verified, the grip-
per is fabricated, otherwise the previous steps must be redone.
Finally, some tests are performed in order to verify the perfor-
mance indexes experimentally.
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